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M13ASURINGSP1lERICITY ON A l:(N1!DNESS GAGE

by

AI J.en Cauler

ABSTRACT

The three-climensional geometry of zl sldlcrical object l!lay
bc determined by evaluation of a numl)cr of t.wCJ- din:cnsional,
roundness measurements bearing a known orientation with
respect to one another. A suitable ~~f. of orientations
appears to be one in which the plane of each roundness
measurement coincides with every other such plane along a
single diameter of the sphere. A dcvicc for prnducin~ the
required set of r)ricntations, aclaptal)lc to Gpllcrc:; of varying
~iiamcters and designed to avoid damarjc to dclicatc materials,
has been cleveloped and tested.

I. INTRODUCTIO1l

A problem frequently encountered at the Loc Almoa

;lational Laboratory is that of ncasuring vuriuu~ dspccts of
the surface topography of a spherical object. Oftentimes, a
mcasurerncnt of “surface fini~h” and SOIIICnumlwr o: rounclnc:;s
measurements will provide oufficicnt information for
practical purpose6.

As the ability to manufacture better sphcreri i.ncreaseti,
however, the need for more com:;lutc information grow~t
leading inevitably toward the clcuirc for a total dcsc:riptinn
of the geometry of the three-dimcnsinnal. fiu~ti~cc jn :;pacc.

In working toward ~uch a comp].cte clcscription, it m::y
prove useful to consider the surface as heinq the Gum ut many
components vdrying in WilVCICIlfJth and dlnplitLIClc. ‘1’lIQ
componcntd at Lhe sho~t wuv(’lcntJth cnd of the Spectrum
comprise what has traditional.iy bncn cnllcd rurfacc! finitihr
ancl can he measured by the methoclfi (Styllls , optical
intcrfcrcncc, etc.) ilcvclopcd Lor surfacu finiuh iisse~snl~~nk.
I)ccauue of itc complexity, an ils!3Q;13mc!nt 01 t}]c nurfacc
finish of the entire aphcrc ia rarely iittcmptccl (though work
in beinq done in ttliti direction), and infitcacl a uampling
tcchn.(que is cl~ouenl whcrcb} soIfiQ number of arcan ar~ acGuIIIcd
to be rupreucntat!vc of the whole.
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the sphere. Here, again~ a Sat!tplinq technique is often used,
simply because of the mass of information available.

As the wavelength of the component of interest
approaches the circumference of the sphere, the sampling
method becomes lees capable of adequately describing the
surface, which is three- dimensional. One is therefore lead
to consider ways of rnorc completely ilcscribing the large-
scale three-dimensional geometry of the? sphere, which may hc
termed its sphcricity.

II. MEASURINGROUNDNESS

Consider first roundness and how it is mearrured. In
principle, the roundness of an object is simply the deviation
between the curve formccl by the intursectiom of its surface
with a cho~cn plane (the plane of m(!asurcmcnt) , ~i~d G perfect
circle (see Fig. 1) . In practice, rounclnefis is mca~ured by
comparison with the motion of a l~recicion spincllc. Either
the object under test J.s rotatccl ancl d~viatiun~ are obscrv~cl
with a stationary gage lmacl ( the “rotating workpiecc” Lypc
roundness g;~~; nec Fig. 2), or the object is hclcl
stationary the gage heacl is rotated around it ( t)iC!

“rotating gagchcacl” type rnuntlncss ~ja(JC : sec Fi(J. 3).
Dcvlatinns from roundness are usually rfxordocl on a Iwlar
chart.

111. MEASURINGSP1iERICI’1’Y: TIll?oRY

To arrive at a clcncription of the three-dimensional
qcomctry of a nl~herc by USC of t,lvo-clim(::l!jional rounclneus
nmasuremcntst it is clearly ncccsfiary to Mul;u rounilnu:;ci
nlcusurementc in more than onc planco onu common techniqu~ i:~
to rotate fhc spllerc in a ran[lom fashion after Ciich rollnclnosci
measurement, Lln(’1 makc ccvcral Gucil moasu~mnntu. IIhilc!
pcrhap~ acceptable for the ~]urposc of ol~tainin(mj n q~ncral
iclea of the maximum deviation from f3phcriLQity, tllici mctllo~i
failfi to provide any information ~lbcjut tl~f! actucrl fih~[JC (If

tile lJLlrfdcc. Its failure to do r!o l;kcmn fKom lack of
knowledge of the orit!nt~tion of the roundnct;s nwasurment[;.

In order to map tlIc !lurtacc~ it in li(2ccG:;aL”y to make
roundncs~ mcasurwncntu at known oricntakioriu with re:;pcck to
one unother. Since the rounclneuo qage itsclt iu fixed, tllc
opherc must bc rotated between roundnc~g m(!amurcmcntci in
nrdcr to change the plane of nma::uremunt.



possible to take a collection of measurements like this and
say something about the sphcricity of the sphere. llowevcr,
the mathematics of doing ao are somewhat formidable. In
additionc the proccdurc for rotating the sphere must ~~
carefully designed to avoid duplicating mc:asurcmcnts made
when the sphe~e is rotated about one ilXi!3 with those mudc
when it is later rotated about another.

hnother posnibilit.y ia illustrutecl in Fiqurc 5. llcre,
all rotations of the sphere arc nade CdJOUt onc axist anti all
roundness nmasuremcnts pasa through the’ POICD of this axi~.
It ie much easier to visualize how thcm? measurements might
be used to define the shape of the sphcrr!. In t)!~ ~implcGt
case? one might set the polar chart rccordingo siiic by sidL*
and compare them; or they might h! CJVQCILIyCd. Iwcallsc all
roundness mcasurementu pasti through OIIC diameter [the axis
about which chc sphere is rotated), it is an c:auy matter to

mcacure this diameter and UJIC it to calculate the (Iiam(!tcr at
any other location on the uphcrc. 11 iurthcr
desired,

illlillySlg is
the mathematical dcscril>tion rJf the surf~~cc, given

the (digitize~l) rounilnesn mcupurcmcnts, iu ntraightforwartl
(References 1,2) . Frmn this clcucril>tinl~, parmctcrs ouch as
the minimum radial ucparaticn of two cOiWcntric ~ph(:rcti
required to contain the aurfacc (corrcsl)onclingto the I.IM fur
rounclncsa) can be dctcrmincd. 13cci11’tie of it:: Rimpliciky und
versakility~ th~fi ldttcr ,~llproacll h-z:; IK!C!I1 CllCJ[iCll inr t.llu
dcuign of the nphoriclty gaqc ilt Lofi A1.mIon.

IV. A PRAC’J?ICALSPIIENICITY GAGU



vertically and horizontally to cnntcr the nphorc beneath the
precision spindla~

Tha device required ta align the sphere and rotate it
about one given aXi6 by Cxact, known angular incr~..iants
[which, a8 described above, in nocczmary in order to usc
roundnese measureuonta to describe u]dlcricify) is ~hown in
Figure 6. This device will h referred to as kl:c !iphcr.tc~ty
attachment. It consists of a vertical axis rotatinq vacuum
chuck and a horizontal axis vacuum chuck with rotary and
translational motions, both mcmn~nd on :1 baz(: plate thdt
romts on tha work table of the rounilncuo qaqn.

Tho vertical axis vacuum chuck Mucrd)ly i;: :;hown in
Figure 7. T!m primary purpoac of thin WSCM!JIY ir to hold
the sphere in a fixed position clurinq th~ tinw a roundnosfi
rtlcanuremnnt in being made. The chhck it::ulf i:~ L I)raam bly
with a conical teflon innoct at the ti~l. WCLIU:l ii; ilpplit?d
through a central hole in the chuck, whiclI allow:; atmouphcric
prca: irc to mat the ollhcrc unclcr test [irmly aqiiinut tl:c
conical inacrt. Teflon wan chnncn as thfi mutor;al f3r t IW
insert in orclor to avoid dalniiging the uph~rc. InitiCilly~ tin
all-teflon chuck wan enviaiwml~ but it provud co hc too
unatablc to hold the fiphcru rnokinnlen:l LIUriIIga rcmnlnusu
mormremcnta



13ecausc the diameter 0[ the ~phcrc to hc mcanurcd may
vary both the horizontal and vertical vacuum cllucka have
been d~signed to be easily removed from their refipective
auaembliea. If h@Ce5SaCy, fJ set of Chucku may be designed
for ovcry sphere diameter cncountercil. This capability adds
greatly to the flexibility of the uphcricity qqc.

V. ALIGIIPIHIT

Prior to UIJC, the npl~cricity ~ttwhmcnt and roundnecs
gage muut bc aligned. The Lwrpocc OL this aliqnmnt is to

ensure that the nxcs of tkd vertical chuck rotary tal)lc,
horizontal chuck rotarj- Lablc, and the roundncws gaqc npittdle
will coincide iIt a Wints a!lCl thfii. & GiJllFKU Of th! ::~%~ tO IJC

chuck, will



of tho thrae horizontal chuck assembly slide tables are
notcd~ the sphere is transfcrrcfl to the vertical chuck , and
the horizontal chuck is backed out 01 the way.

VI■ OPERATION

operation of the sp]mricity gage my then proceed as
followet the gage head of tllu roundnncn gage iz !~rouqht into
contact with the sphcrc~ antithfiroundness qagc cplndlg is
rotated until the qagc head is ~i~l~sitc the horizontal
Spindlcl this locatlon in dc~iqnatcd thu south pole of the
sphere. It li~~ at the intersection CJE thu horizontal vacullrn
chuck axis of rot~~tion [wllicll passe:, throul~ll t!lc ccntcr of
the sphere) and the surface (If tlm sphere nll~mnitc the
horixuntal chuck. ‘l%c intcrsccLion 01 this axis and the sick

of the opherc facing the hariznntal chuck lu tuc;,.ccl k!w north
pole. A roundnw:i l;lcnsurcmcm~ i:; 111.lllr?# find thn ~lnqul~r
ponition of the north polo is mtlrkc~i 1):1 the retiultln(; polar
chart recording.



its angular Wnition in tlm oriqinal I,lcagurcmcnt, bccausn the
polar axis of the sphere iu still parallel to its original
position. IIowcvcr, the data may ncml to be shifted to one
side of this axis by an as yet unknuwn mount to account for
the polar miEI kim: displaced Iwrixontally from itti original
location.

The pmccos oi rotating, ccllturinq~ and obtaining a
roundness mcasurcmcnt is rcpcatcd until the rwluirccl n:mllmr
of measurements is obtained. The angular oricnLtiLir)n OL till
these roundness maauuremnts with rctipmt to one i’nothcr i~
known--the polar chart rccordiuqs correspond directly.
Ilowcvcr, each riay have to bc dliftcd in c tlirectiun
por~ndicular to the polar axis~ that iu, in thn plane of th~
equator of the spharc. The mount by Whicl: the Clatil 13115t klc
shifted can be tlotcrkiirml if the shape O( kh~: c(;uator of the
part Is known, aincc the pointu at an an~.lular Lw;it$on d 90
clcgrees from the north pole on mch lnn[jitlniin~l rmdnuti::
mcamiremnt mat lic on Lllc cquatar ~:t i known lol~qitudc.

VII, !)ATA I!EI)UCT JOH

VIII. ‘NW1’!;W’ !:711HIICITY GA(;J+ A(KI1!!;\f :’?
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wavelength) m~’ri;lurwueflts iuicl codJ i ninq tllcxlto proclucf~ a
statistically rwmningful measure of wavelengths prescnt~ such
as the power ~pectr~zl density functim.
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